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IMAGE PROCESSING APPARATUS , IMAGE a series of images which are acquired by sequentially 

PROCESSING METHOD , AND imaging a lumen of a living body and recorded in a record 
COMPUTER - READABLE RECORDING ing unit . The method includes : detecting images of interest 

MEDIUM including regions of interest , from the group of a series of 
5 images ; calculating a global similarity that is a similarity 

CROSS REFERENCES TO RELATED between regions including at least regions other than the 
APPLICATIONS regions of interest , between the images of interest different 

from one another ; extracting an image - of - interest group 
This application is a continuation of PCT international including identical regions of interest , in accordance with 

application Ser . No . PCT / JP2015 / 052870 , filed on Feb . 2 , 10 comparison between a threshold and the global similarity or 
2015 which designates the United States , incorporated a determination parameter based on the global similarity ; 
herein by reference , and which claims the benefit of priority and extracting a representative image from the image - of 
from Japanese Patent Application No . 2014 - 054126 , filed on interest group . 
Mar . 17 , 2014 , incorporated herein by reference . In some embodiments , provided is a non - transitory com 

15 puter - readable recording medium with an executable pro 
BACKGROUND gram stored thereon . The program causes a computer to 

execute : detecting images of interest including regions of 
1 . Technical Field interest , from a group of a series of images acquired by 
The disclosure relates to an image processing apparatus , sequentially imaging a lumen of a living body ; calculating a 

an image processing method , and a computer - readable 20 global similarity that is a similarity between regions includ 
recording medium , for extracting a representative image ing at least regions other than the regions of interest , 
from an image group acquired by imaging a lumen of a between the images of interest different from one another ; 
living body . extracting an image - of - interest group including identical 

2 . Related Art regions of interest , in accordance with comparison between 
A technique has been known in which a group of a series 25 a threshold and the global similarity or a determination 

of images ( hereinafter , also referred to as intraluminal image parameter based on the global similarity ; and extracting a 
group ) is obtained by imaging a lumen of a living body in representative image from the image - of - interest group . 
chronological order using a medical observation apparatus The above and other features , advantages and technical 
such as an endoscope or a capsule endoscope , and an image and industrial significance of this invention will be better 
showing a region of interest such as an abnormal region is 30 understood by reading the following detailed description of 
extracted as a representative image from the group of a presently preferred embodiments of the invention , when 
series of images . A user can observe the representative considered in connection with the accompanying drawings . 
image extracted from the image group , so that a burden 
during detailed observation of a large number of images is BRIEF DESCRIPTION OF THE DRAWINGS 
reduced , and diagnosis is made accurately and efficiently . 35 

For example , JP 2011 - 24727 A discloses an image pro - FIG . 1 is a block diagram illustrating a configuration of an 
cessing apparatus in which regions of interest are detected image processing apparatus according to a first embodiment 
from an intraluminal image group obtained in chronological of the present invention ; 
order , the detected regions of interest are classified , based on FIG . 2 is a flowchart illustrating operation of the image 
the features thereof , into identical groups of chronologically 40 processing apparatus illustrated in FIG . 1 ; 
adjacent regions of interest having similar features , a rep . FIG . 3 is a schematic diagram illustrating a series of 
resentative region of each group is selected from the regions intraluminal images acquired in chronological order ; 
of interest classified in each group , based on an average FIG . 4 is a flowchart illustrating a global similarity 
value of the features , and an image including the selected calculation process performed by a global similarity calcu 
representative region is output as a representative image . 45 lating unit illustrated in FIG . 1 ; 

FIG . 5 is a schematic diagram illustrating the global 
SUMMARY similarity calculation process performed by the global simi 

larity calculating unit illustrated in FIG . 1 ; 
In some embodiments , an image processing apparatus FIG . 6 is a schematic diagram illustrating a global simi 

includes : a detecting unit configured to detect images of 50 larity calculation process according to modification 1 - 1 of 
interest including regions of interest that are estimated as an the first embodiment of the present invention ; 
object to be detected , from a group of a series of images FIG . 7 is a block diagram illustrating a configuration of a 
acquired by sequentially imaging a lumen of a living body ; calculation unit of an image processing apparatus according 
a global similarity calculating unit configured to calculate a to a second embodiment of the present invention ; 
global similarity that is a similarity between regions includ - 55 FIG . 8 is a flowchart illustrating operation of the image 
ing at least regions other than the regions of interest , processing apparatus according to the second embodiment 
between the images of interest different from one another ; an of the present invention ; 
image - of - interest group extracting unit configured to extract FIG . 9 is a flowchart illustrating an abnormal image group 
an image - of - interest group including identical regions of extraction process performed by an abnormal image group 
interest , in accordance with comparison between a threshold 60 extracting unit illustrated in FIG . 7 ; 
and the global similarity or a determination parameter based FIG . 10 is a schematic diagram illustrating the abnormal 
on the global similarity ; and a representative image extract - image group extraction process performed by the abnormal 
ing unit configured to extract a representative image from image group extracting unit illustrated in FIG . 7 ; 
the image - of - interest group . FIG . 11 is a block diagram illustrating a configuration of 

In some embodiments , provided is an image processing 65 a calculation unit of an image processing apparatus accord 
method for causing a calculation unit of a computer to ing to modification 2 of the second embodiment of the 
perform image processing based on image data of a group of present invention ; 



US 9 , 959 , 618 B2 
FIG . 12 is a flowchart illustrating a representative - image abnormal regions such as bleeding , redness , aphtha , and 

extraction process performed by a representative - image ulcer are detected as the region of interest , and a represen 
extracting unit illustrated in FIG . 11 ; tative image is extracted from an image - of - interest ( abnor 

FIG . 13 is a block diagram illustrating a configuration of mal image ) group having images including the abnormal 
a calculation unit of an image processing apparatus accord - 5 regions , but the region of interest is not limited to the 
ing to a third embodiment of the present invention ; above - exemplified abnormal regions . 

FIG . 14 is a flowchart illustrating operation of the image As illustrated in FIG . 1 , the image processing apparatus 1 
processing apparatus according to the third embodiment of includes a control unit 10 for controlling the operation of the 
the present invention ; image processing apparatus 1 as a whole , an image acquiring 

FIG . 15 is a flowchart illustrating an abnormal image 10 unit 20 for acquiring image data corresponding to an intralu 
group extraction process performed by an abnormal image minal image captured by the medical observation apparatus 
group extracting unit illustrated in FIG . 13 ; such as a capsule endoscope , an input unit 30 for inputting 

FIG . 16 is a block diagram illustrating another exemplary a signal to the control unit 10 , according to operation from 
configuration of an abnormality classifying unit illustrated in outside , a display unit 40 for displaying various information 
FIG . 13 ; 15 or images , a recording unit 50 for storing the image data 

FIG . 17 is a block diagram illustrating still another acquired by the image acquiring unit 20 or various pro 
exemplary configuration of the abnormality classifying unit grams , and a calculation unit 100 for performing predeter 
illustrated in FIG . 13 ; mined image processing on the image data . 

FIG . 18 is a block diagram illustrating a configuration of The control unit 10 includes hardware such as a CPU . The 
a calculation unit of an image processing apparatus accord - 20 control unit 10 reads the various programs recorded in the 
ing to a fourth embodiment of the present invention ; recording unit 50 to perform transfer or the like of an 

FIG . 19 is a flowchart illustrating operation of the image instruction or data to each unit of the image processing 
processing apparatus according to the fourth embodiment of apparatus 1 , according to image data input from the image 
the present invention ; acquiring unit 20 , or a signal or the like input from the input 

FIG . 20 is a flowchart illustrating an abnormal image 25 unit 30 , and the operation of the image processing apparatus 
group extraction process performed by an abnormal image 1 is collectively controlled as a whole . 
group extracting unit illustrated in FIG . 18 ; When a system includes a capsule endoscope for imaging 

FIG . 21 is a block diagram illustrating a configuration of the inside of the subject , the image acquiring unit 20 is 
a calculation unit of an image processing apparatus accord appropriately configured depending on a mode of the sys 
ing to a fifth embodiment of the present invention ; 30 tem . For example , when a portable recording medium is 

FIG . 22 is a flowchart illustrating operation of the image used to transmit and receive image data to and from the 
processing apparatus according to the fifth embodiment of capsule endoscope , the image acquiring unit 20 includes a 
the present invention ; reader device removably mounting the recording medium to 

FIG . 23 is a flowchart illustrating an abnormal image read image data of recorded images . In addition , when a 
group extraction process performed by an abnormal image 35 server is provided to save image data of images captured by 
group extracting unit illustrated in FIG . 21 ; and the capsule endoscope , the image acquiring unit 20 includes 

FIG . 24 is a flowchart illustrating an abnormal image a communication device or the like connected to the server , 
group extraction process according to modification 5 - 3 of and performs data communication with the server to acquire 
the fifth embodiment of the present invention . the image data . 

40 The input unit 30 includes for example an input device 
DETAILED DESCRIPTION such as a keyboard , a mouse , a touch panel , or various 

switches , and outputs , to the control unit 10 , an input signal 
Hereinafter , an image processing apparatus , an image generated according to the operation from outside to the 

processing method , and an image processing program input device . 
according to embodiments of the present invention will be 45 The display unit 40 includes a display device such as an 
described with reference to the drawings . The present inven - LCD or an EL display , and displays various screens includ 
tion is not limited to these embodiments . The same reference ing the intraluminal image under control of the control unit 
signs are used to designate the same elements throughout the 
drawings . The recording unit 50 includes various IC memories 

50 including a RAM , and a ROM such as a flash memory for 
First Embodiment updatable recording , a hard disk incorporated or connected 

with a data communication terminal , or an information 
FIG . 1 is a block diagram illustrating an image processing recording device such as a CD - ROM and a reader or the like 

apparatus according to a first embodiment of the present therefor . The recording unit 50 stores the programs for 
invention . An image processing apparatus 1 according to the 55 operating the image processing apparatus 1 and causing the 
first embodiment is an apparatus for extracting an image image processing apparatus 1 to perform various functions , 
( image of interest ) group including regions of interest that data used during execution of the programs , or the like , in 
are estimated to be an object to be detected , from a group of addition to the image data of the intraluminal image 
a series of images acquired by sequentially imaging a lumen acquired by the image acquiring unit 20 . Specifically , the 
of a living body as a subject by a medical observation 60 recording unit 50 stores an image processing program 51 , 
apparatus such as a capsule endoscope , and further extract - determination criteria used to detect abnormal regions , 
ing a representative image from the extracted image - of - determination criteria used to extract a representative image , 
interest group . An image showing the lumen of the living and the like . The image processing program 51 causes the 
body ( also referred to as intraluminal image ) is normally a image processing apparatus 1 to perform image processing 
color image having a pixel level ( pixel value ) corresponding 65 for detecting the abnormal regions such as bleeding , redness , 
to wavelength components of R ( red ) , G ( green ) , and B aphtha , ulcer , and the like from the intraluminal images , 
( blue ) at each pixel position . In the following description , extracting abnormal image groups each including identical 

10 . 
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abnormal regions from images ( abnormal images ) including The abnormal image group extracting unit 130 is an 
these abnormal regions , and extracting a representative image - of - interest group extracting unit for extracting , as one 
image from each of the abnormal image groups . abnormal image group , images including identical abnormal 

The calculation unit 100 includes hardware such as a regions from the abnormal regions detected by the detecting 
CPU , reads the image processing program 51 to perform 5 unit 110 , based on the global similarity calculated by the 
image processing for extracting abnormal image groups global similarity calculating unit 120 . 
each including identical abnormal regions , from the intralu The representative - image extracting unit 140 extracts a minal images , and extracting a representative image from representative image from each abnormal image group each abnormal image group . including identical abnormal regions . A method for extract Next , a configuration of the calculation unit 100 will be 10 ing a representative image is not particularly limited . The described . As illustrated in FIG . 1 , the calculation unit 100 first or middle time - series image of an abnormal image includes a detecting unit 110 for detecting abnormal images 
including abnormal regions from a group of a series of group may be merely extracted as the representative image , 
intraluminal images , a global similarity calculating unit 120 or an abnormal image including an abnormal region having 
for calculating a global similarity being an overall similarity 15 a high degree of importance for image diagnosis or an 
between different abnormal images , an abnormal image abnormal image having good visibility of an abnormal 
group extracting unit 130 for extracting abnormal image region may be extracted as the representative image . The 
groups each including identical abnormal regions from the degree of importance or visibility of the abnormal region can 
abnormal images detected by the detecting unit 110 , based be determined based on for example color features , shape 
on the global similarity , and a representative - image extract - 20 features , texture features , or the like of the abnormal region . 
ing unit 140 for extracting a representative image from each Next , operation of the image processing apparatus 1 
of the extracted abnormal image groups . illustrated in FIG . 1 will be described . FIG . 2 is a flowchart 

The detecting unit 110 detects abnormal regions based on illustrating the operation of the image processing apparatus 
various features of the intraluminal images . In the first 1 . First , in step S10 , the image processing apparatus 1 
embodiment , description will be made of an example of 25 acquires image data of a series of intraluminal images 
detecting the abnormal region based on color features ( color captured in chronological order through the image acquiring 
information ) of the intraluminal image . Here , an abnormal unit 20 , and records the image data in the recording unit 50 . 
region such as bleeding , redness , or vascular abnormality is In the following step S11 , the detecting unit 110 sequen 
indicated by a specific reddish color , and an abnormal region tially reads the image data of the intraluminal images 
such as ulcer or aphtha is indicated by a specific whitish 30 recorded in the recording unit 50 , detects abnormal regions 
color . The detecting unit 110 uses color features , for from the intraluminal images , and extracts abnormal images 
example , color components ( R component , G component , B including the abnormal regions . Specifically , the detecting 
component ) of the pixel value , or values secondarily calcu - unit 110 reads the determination criteria for abnormal 
lated by a known conversion from the color components regions previously recorded in the recording unit 50 , com 
( e . g . , color difference calculated by YCbCr conversion , hue 35 pares each of the color features of the pixels constituting the 
and saturation calculated by HSI conversion , color ratio intraluminal images , with this determination criteria , and 
such as G / R or B / G ) to detect a region indicated by any of detects the abnormal regions . 
the specific colors in the intraluminal image , and defines the FIG . 3 is a schematic diagram illustrating the series of 
region as the abnormal region . The detecting unit 110 , more intraluminal images I acquired in chronological order . Here , 
specifically , previously develops determination criteria 40 a subscript i ( i = 1 , 2 , . . . ) represents an time - series 
( color range ) for abnormal regions , based on color features arrangement order ( capturing order ) of the intraluminal 
of various abnormal regions having been collected , and images , and corresponds to an image number . In the process 
records the determination criteria in the recording unit 50 . of step S11 , abnormal regions A , ( i = 1 to t1 + 4 , t2 , t2 + 2 , 
When an abnormal region is detected from the intraluminal t2 + 4 ) are detected , and the intraluminal images I ; including 
image , the determination criteria are read from the recording 45 the abnormal regions A , are extracted . Hereinafter , the 
unit 50 , color features are calculated for each pixel consti - intraluminal images I ; including the abnormal regions A , are 
tuting the intraluminal image , the color features of each referred to as abnormal images Ii , and an image sequence 
pixel are compared with the determination criteria , and the consisting only of the abnormal images I ; arranged in 
abnormal region is detected from the intraluminal image . chronological order ( capturing order ) is referred to as an 

Note that detection of an abnormal region is not limited to 50 abnormal image sequence . 
the above - mentioned method , and various known methods In the following step S12 , the global similarity calculating 
can be applied as long as the abnormal region can be unit 120 calculates a global similarity between adjacent 
detected . For example , a method based on a feature space abnormal images in the abnormal image sequence , for the 
distance with a representative color feature may be used . abnormal images extracted in step S11 . For example , in FIG . 
Further , in the above description , the color features of a pixel 55 3 , the global similarities are calculated for combinations of 
constituting the intraluminal image is used to detect the abnormal images Iz? and It1 + 1 , abnormal images 1x1 + 1 and 
abnormal region , but the intraluminal image may be divided 11 + 2 , abnormal images It1 + 2 and I { 1 + 3 , abnormal images I { 1 + 3 
into small regions based on edge information or the like in and I / 114 , abnormal images 1 / 144 and 12 , abnormal images 12 
the image so that color features of a small region is used to and 112 + 2 , and abnormal images 112 + 2 and 112 + 4 as the adjacent 
detect the abnormal region . Still further , the abnormal region 60 abnormal images in the abnormal image sequence . 
may be detected using shape features or texture features In the first embodiment , an example of calculation of a 
other than the color features . similarity , as the global similarity , between background 

The global similarity calculating unit 120 calculates , as regions of abnormal regions will be described . FIG . 4 is a 
the global similarity , a similarity between at least regions flowchart illustrating a global similarity calculation process 
including regions other than the abnormal regions , that is , 65 performed by the global similarity calculating unit 120 in 
regions including backgrounds of the abnormal regions , step S12 . Furthermore , FIG . 5 is a schematic diagram 
between different abnormal images illustrating the global similarity calculation process . 
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As illustrated in FIG . 5 , abnormal regions Az and Ak , are G¢1 . Further , when the abnormal images 1 / 1 + 4 and 1 - 2 are 
detected respectively from adjacent abnormal images I , and determined not to include identical abnormal regions , the 
17 / ( k and k ' are a natural number , where k < k ' ) in an abnormal abnormal image I , is not extracted as the abnormal image 
image sequence . In this condition , in step S101 illustrated in group in which the abnormal image 14144 is included . Still 
FIG . 4 , the global similarity calculating unit 120 extracts , as 5 further , when the abnormal images I , and Ion , and the 
the background region , regions other than the abnormal abnormal images 112 + 2 and 112 + 4 are determined to include 
regions A , and Al , that is , non - abnormal regions Bk and Bkra identical abnormal regions , respectively , these abnormal 
from the abnormal images I and Izr . images 112 , 112 + 2 , and 142 + 4 are extracted as one abnormal In the following step S102 , the global similarity calcu image group G 12 lating unit 120 calculates features Ck and Cki of the back - 10 In the following step S14 , the representative - image ground regions , that is , the non - abnormal regions Brand Bk . extracting unit 140 extracts a representative image from The features C and Cz , include for example a statistic such as each of the abnormal image groups extracted in step S13 . an average value , median , or the like of pixel values ( lumi 
nance values or G component values ) of pixels constituting The number of representative images to be extracted may 
the non - abnormal regions Bx and Bkin a statistic such as an 15 ha uch as an 15 have a constant value ( e . g . , one from each abnormal image 
average value , median , or the like of color features ( color group ) , or may be determined according to the number of 
difference calculated by YCbCr conversion , a hue or satu abnormal images included in an abnormal image group ( e . g . , 
ration calculated by HSI conversion , a color ratio such as a times the number of abnormal images , where O < a < 1 ) . 
G / R or B / G , or the like , using R component , G component , Note that , when the number of representative images is 
and B component values ) of pixels constituting the non - 20 determined according to the number of abnormal images , 
abnormal regions B and Bk and a statistic such as an even if the number of representative images is less than one , 
average value , median , or the like of shape features ( areas , at least one representative image is extracted . Alternatively , 
circularity , or the like ) of the non - abnormal regions Band all abnormal images satisfying a predetermined criterion 
Bk or texture features ( edge amounts or the like calculated ( e . g . , abnormal images having a color feature not less than 
using Sobel filter , Laplacian filter , or the like ) in pixels 25 a predetermined threshold ) may be extracted as the repre 
constituting the non - abnormal regions BK and Bkr . sentative image , without specifying the number of represen 

In the following step S103 , the global similarity calcu - tative images to be extracted . 
lating unit 120 calculates an amount of change Ac ( Ac = cz - A method for extracting a representative image is not 
C # ) in features Cz and Cr , of the non - abnormal regions B , and particularly limited . For example , the first or middle time 
Bk , between the adjacent abnormal images Ik and Ik , in the 30 series image of each abnormal image group may be 
abnormal image sequence . extracted as the representative image . Alternatively , the 

In the following step S104 , the global similarity calcu representative image may be extracted based on the color 
lating unit 120 calculates a global similarity Sojoba given by features of identical abnormal regions in each abnormal 
the following formula ( 1 ) using a maximum value Cmax and image group . Specifically , when an abnormal region is 
the amount of change Ac in features . 35 indicated by the specific reddish color , an abnormal image 

having a stronger red color in the abnormal region is 
SglobaF ( Cmax - AC ) / cma ( 1 ) preferentially extracted as the representative image , and 

In formula ( 1 ) , the maximum value Cmax of the features is when an abnormal region is indicated by the specific whitish 
a maximum value that the features Ck and Ck . may take . For color , an abnormal image having a stronger white color in 
example , if statistical values of pixel values ( G component 40 the abnormal region is preferentially extracted as the repre 
values ) are calculated as the features Ck and ck for the sentative image . Furthermore , an abnormal image having an 
abnormal images I , and Iz , having 256 tones , the maximum abnormal region larger in size , or an abnormal image having 
value Cmor is 256 . If circularity is calculated as the features an abnormal region positioned near the center may be 
Ck and Ck ~ , the maximum value Cmax is 1 . Then , the operation preferentially extracted as the representative image . 
of the image processing apparatus 1 returns to a main 45 In the following step S15 , the calculation unit 100 out 
routine . puts , as a result of extraction of the representative image , 

In step S13 subsequent to step S12 , the abnormal image information indicating the representative image extracted 
group extracting unit 130 extracts abnormal image groups from each of the abnormal image groups in step S14 . 
each including identical abnormal regions , from the abnor - Accordingly , the recording unit 50 adds information ( flag ) 
mal images extracted in step S11 , based on the calculated 50 indicating the representative image to image data of an 
global similarity Selobal calculated in step S12 . Particularly , intraluminal image extracted as the representative image . 
the abnormal image group extracting unit 130 determines As described above , according to the first embodiment of 
abnormal images having a global similarity Solbay not less the present invention , since an abnormal image group is 
than a predetermined threshold , as abnormal images includ - extracted based on the global similarity between regions 
ing identical abnormal regions . In contrast , the abnormal 55 including the background regions , in abnormal images , the 
image group extracting unit 130 determines abnormal abnormal images can be extracted as the identical abnormal 
images having a global similarity Solo hay less than the pre - image group , even if the abnormal region significantly 
determined threshold , as abnormal images not including changes in position , shape , or color between the abnormal 
identical abnormal regions . Then , the abnormal image group images , or the abnormal region is out of view for a moment 
extracting unit 130 extracts the abnormal images including 60 and the abnormal images are temporally separated from each 
identical abnormal regions , as one abnormal image group . other , depending on conditions of imaging the abnormal 

For example , in FIG . 3 , when the abnormal images I , and region . Therefore , abnormal images showing identical 
Ic1 + 1 , the abnormal images Ic1 + 1 and 1 ( 1 + 2 , the abnormal abnormal regions can be prevented from being continuously 
images 1411 and 121 - 3 , and the abnormal images 14 + 3 and extracted as the representative images . Accordingly , observ 
141 + 4 are determined to include the identical abnormal 65 ing extracted representative images restricted in number but 
regions , respectively , these abnormal images I 1 , 111 + 1 , 111 + 2 , covering all detected abnormal regions allows the user to 
111 + 3 , and Id1 + 4 are extracted as one abnormal image group make accurate and efficient diagnosis . 

col 
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Modification 1 - 1 Modification 1 - 3 
Next , modification 1 - 1 of the first embodiment of the Next , modification 1 - 3 of the first embodiment of the 

present invention will be described . present invention will be described . 
The background region extracted from each abnormal The global similarity between abnormal images may be 

image for calculating the global similarity may not be whole 5 determined based on types of organ shown in the abnormal 
of the non - abnormal region . For example , regions ( mucosal images . Hereinafter , a method of determining the global 
regions ) showing a mucosa may be extracted from abnormal similarity based on the types of organ will be described . 
images , as the background regions , to calculate a global First , the types of organ shown in each abnormal image is 
similarity between the mucosal regions . determined . The types of organ can be determined using 

The mucosal region can be extracted using determination 10 various known methods . A method disclosed in JP 2006 
criteria previously developed . The determination criteria are 288612 A will be described below as an example . First , a 
developed by a learning tool such as a support vector numerical range of each of color components ( color ele 
machine ( SVM ) , based on a feature distribution of a non - ments ) R , G , and B in an image showing each organ 
mucosal region such as bleeding , residue , bubbles , halation , ( esophagus , stomach , small intestine , or large intestine ) in a 
or a dark portion shown in an intraluminal image , and stored 15 lumen is previously determined . Then , respective average 
in the recording unit 50 . The feature includes color features values of R components , G components , and B components 
( values of R component , G component , and B component of of pixels constituting an abnormal image are calculated , and 
a pixel value , values secondarily calculated by known con the average values are compared with the previously deter 
version based on the values of these color components ( color mined numerical ranges of the color components of the 
difference calculated by YCbCr conversion , hue or satura - 20 organs . Thus , when the average values of the color compo 
tion calculated by HSI conversion , color ratio such as G / R nents calculated for the abnormal image are within the 
or B / G , or the like ) ) , shape features ( shape information such previously determined numerical ranges of the color com 
as histograms of oriented gradients ( HOG ) , area , circumfer ponents of the esophagus , an organ shown in the abnormal 
ential length , or Feret ’ s diameter ) , and texture features ( local image is determined as esophagus . Similarly , when average 
binary pattern ( LBP ) , simultaneous normal matrix , or the 25 values of the color components calculated for the abnormal 
like ) . image are within the previously determined numerical 

FIG . 6 is a schematic diagram illustrating a global simi ranges of the color components of the stomach , an organ 
larity calculation process ( see step S12 of FIG . 2 , and FIG . shown in the abnormal image is determined as stomach , 
4 ) according to modification 1 - 1 . In this configuration , in when within the numerical ranges of the color components 
step S101 , the global similarity calculating unit 120 reads 30 of the small intestine , an organ shown in the abnormal image 
determination criteria for determining a mucosal region , is determined as small intestine , and when within the 
from the recording unit 50 , compares features calculated for numerical ranges of the color components of the large 
pixels constituting an abnormal image with the determina - intestine , an organ shown in the abnormal image is deter 
tion criteria , and extracts a mucosal region . Therefore , as mined as large intestine . 
illustrated in FIG . 6 , mucosal regions D , and Dr , are 35 The global similarity calculating unit 120 determines the 
extracted from adjacent abnormal images I , and I , , in the global similarity based on the types of organ determined for 
abnormal image sequence . From the mucosal regions De each abnormal image . Specifically , when organs are identi 
and Di abnormal regions Az and Ar such as bleeding or cal in kind between adjacent abnormal images in an abnor 
unnecessary regions Ck or Chr such as bubbles are excluded . mal image sequence , the similarity is determined to be 1 . 0 . 

The global similarity calculating unit 120 calculates the 40 In contrast , when organs are different in kind between 
features Cz and Cf , with the mucosal regions D , and Dx as the adjacent abnormal images in an abnormal image sequence , 
background region ( see step S102 ) , and uses the maximum the similarity is determined to be 0 . 0 . 
value Cmor and the amount of change Ac in features to Note that , the types of organ may be determined by the 
calculate the global similarity Selobal given by formula ( 1 ) user . Specifically , through image processing in the calcula 
( see steps S103 and S104 ) . 45 tion unit 100 , average colors of the series of intraluminal 
As described above , according to modification 1 - 1 , since images are calculated , and a color bar in which the average 

the global similarity between mucosal regions is calculated colors are arranged in arrangement order of intraluminal 
between abnormal images , the abnormal image group images ( time - series order ) is formed to be displayed on the 
including identical abnormal regions can be extracted , while display unit 40 . A color difference ( boundary ) between 
inhibiting influence caused by a local phenomenon , such as 50 average colors on this color bar corresponds to a boundary 
bleeding , residue , bubbles , halation , or a dark portion . between organs in the series of intraluminal images . When 

Modification 1 - 2 a signal for selecting a specific point on the color bar is input 
Next , modification 1 - 2 of the first embodiment of the from the input unit 30 to the control unit 10 , according to the 

present invention will be described . user ' s operation to the input unit 30 , the control unit 10 
The global similarity may be calculated based on a feature 55 inputs , to the calculation unit 100 , an image number of an 

of a region including an abnormal region , in addition to the intraluminal image corresponding to the selected point . The 
background region . Specifically , the global similarity may calculation unit 100 identifies the types of organ shown in 
be calculated based on a feature of the whole abnormal each intraluminal image , with an intraluminal image corre 
image including the abnormal region and the non - abnormal sponding to the input image number as a boundary of organ . 
region . Alternatively , a feature of a region obtained by 60 The global similarity calculating unit 120 determines the 
excluding an unnecessary region ( region other than an object global similarity , based on the types of organ in intraluminal 
to be detected in diagnosis ) , such as residue , bubbles , images from which abnormal regions are detected . 
halation , or a dark portion , from the whole abnormal image Modification 1 - 4 
may be used to calculate the global similarity . In any case , Next , modification 1 - 4 of the second embodiment of the 
the global similarity is preferably employed as long as the 65 present invention will be described . 
global similarity is calculated between regions each includ After acquisition of the image data in step S10 , the 
ing at least a non - abnormal region . calculation unit 100 may perform a process of determining 
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the types of organ for the whole of the series of intraluminal more , similarly , the position of the capsule endoscope can be 
images . Note that , a method for determining the types of also estimated using the imaging time . Accordingly , the 
organ is similar to that described in modification 1 - 3 , and the arrangement order , image number , and imaging time of the 
types of organ may be automatically determined or manually intraluminal image can be handled as the positional infor 
determined by the user . 5 mation of the abnormal image Ii . 

In this configuration , the calculation unit 100 performs The abnormal image group extracting unit 220 extracts 
processing of steps S11 to S14 as described above ( see FIG . abnormal image groups each including identical abnormal 
2 ) on intraluminal images showing an organ to be examined regions , based on the positional information acquired by the 
( e . g . , small intestine ) . In contrast , the calculation unit 100 positional information acquiring unit 210 , and the global 
detects an abnormal region to extract an abnormal image 10 similarity calculated by the global similarity calculating unit 
from intraluminal images showing an organ other than the 120 . 
object to be examined ( e . g . , esophagus , stomach , large Next , operation of the image processing apparatus accord 
intestine ) , subsequently extracts a predetermined number i ng to the second embodiment will be described . FIG . 8 is a 
( e . g . , small number such as ten ) of abnormal images , for flowchart illustrating operation of the image processing 
example , in descending order of intensity in reddish color of 15 apparatus according to the second embodiment . Note that , 
the abnormal region , or in descending order of intensity in steps S10 and S11 illustrated in FIG . 8 are similar to those 
white color of the abnormal region , and then outputs the of the first embodiment ( see FIG . 2 ) . 
abnormal images as the representative images . Note that , the In step S21 subsequent to step S11 , the positional infor 
intensity of reddish color is indicated by the color ratio G / R , mation acquiring unit 210 acquires time - series positional 
and the smaller the color ratio G / R , the stronger the reddish 20 information of the abnormal images extracted in step S11 . 
color . Furthermore , the intensity of white color is indicated Specifically , the imaging time or the arrangement order i of 
by the color ratios G / R and B / G , and the larger the color the abnormal image I , is acquired as the positional informa 
ratios G / R and B / G , the stronger the whitish color . Alterna - tion . 
tively , the calculation unit 100 may extract a predetermined in the following step S22 , the global similarity calculating 
number ( e . g . , small number such as ten ) of intraluminal 25 unit 120 calculates the global similarity between adjacent 
images as the representative images , based on the color abnormal images in an abnormal image sequence . A method 
features ( color ratio or the like described above ) of the for calculating the global similarity is similar to that 
intraluminal images without detecting an abnormal region described in the first embodiment ( see FIGS . 4 and 5 ) . 
for the intraluminal images showing an organ other than the Alternatively , the global similarity may be calculated in a 
object to be examined . Furthermore , the calculation unit 100 30 similar manner to modifications 1 - 1 to 1 - 3 . 
does not need to extract the representative image from the In the following step S23 , the abnormal image group 
intraluminal images showing an organ other than the object extracting unit 220 extracts abnormal image groups each 
to be examined . including identical abnormal regions , based on the posi 

tional information acquired in step S21 and the global 
Second Embodiment 35 similarity calculated in step S22 . 

FIG . 9 is a flowchart illustrating an abnormal image group 
Next , a second embodiment of the present invention will extraction process performed by the abnormal image group 

be described . extracting unit 220 in step S23 . FIG . 10 is a schematic 
FIG . 7 is a block diagram illustrating a configuration of a diagram illustrating the abnormal image group extraction 

calculation unit of an image processing apparatus according 40 process . The abnormal image group extracting unit 220 
to a second embodiment of the present invention . The image performs processing of a loop A for each abnormal image 
processing apparatus according to the second embodiment extracted in step S11 . 
includes a calculation unit 200 illustrated in FIG . 7 , instead First , in step S201 , the abnormal image group extracting 
of the calculation unit 100 illustrated in FIG . 1 . Configura - unit 220 calculates a difference AT ( = T ( 1 / 1 ) - T ( 1 ) ) between 
tions and operations of units other than the calculation unit 45 imaging time T ( 11 ) and T ( I ) , that is , an elapsed time , 
200 are similar to those of the first embodiment . between an abnormal image It to be processed ( k is a natural 

The calculation unit 200 includes the detecting unit 110 , number ) and an adjacent abnormal image I7 ( k ' is a natural 
a positional information acquiring unit 210 , the global number , where k < k ' ) in an abnormal image sequence . 
similarity calculating unit 120 , an abnormal image group in the following step S202 , the abnormal image group 
extracting unit 220 , and the representative - image extracting 50 extracting unit 220 determines whether the difference AT 
unit 140 . Among these , operations of the detecting unit 110 , between imaging time calculated in step S201 is not more 
the global similarity calculating unit 120 , and the represen - than a predetermined threshold th1 . 
tative - image extracting unit 140 are similar to those of the When the difference AT between imaging time is not more 
first embodiment . than the threshold th1 ( step S202 : Yes ) , the abnormal image 

The positional information acquiring unit 210 acquires 55 group extracting unit 220 then determines whether the 
chronological arrangement order ( capturing order ) or image global similarity Soloboy between the abnormal images I , and 
numbers representing the arrangement order of the abnormal Ik , is not less than a predetermined threshold th2 ( step S203 ) . 
images Ii , in the series of intraluminal images ( see FIG . 3 ) , When the global similarity Sglobal is not less than the 
or imaging time of each abnormal image I ; , as time - series threshold th2 ( step S203 : Yes ) , the abnormal image group 
positional information of the abnormal images 1 ; . Here , 60 extracting unit 220 determines that the abnormal image I to 
when a capsule endoscope used for imaging the series of be processed and the abnormal image Ix extracted subse 
intraluminal images has an average travel speed of v ( e . g . , quent to the abnormal image It include identical abnormal 
1 mm / second ) , and an imaging frame rate of F ( e . g . , 2 regions ( step S204 ) . 
frames / second ) , the imaging position in an intraluminal For example , as illustrated in FIG . 10 , when an abnormal 
image ( abnormal image ) li can be estimated to be at a 65 image Iti and an abnormal image 141 + 1 adjacent to each other 
distance i . v / F ( mm ) from an imaging start position ( e . g . , in in chronological order ( AT1 < thl ) have a global similarity 
oral cavity ) of the series of intraluminal images . Further Seloba ; not less than the threshold th2 , these abnormal images 
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I?1 and 1 / 1 + 1 are determined to include identical abnormal for detecting a bleeding source from an abnormal image 
regions . Furthermore , when an abnormal image 102 and an group showing a bleeding abnormal region . The bleeding 
abnormal image 1 . 2 + 2 , which are not adjacent in chronologi - source detection unit 141a includes a position estimating 
cal order in an intraluminal image group I ; ( i = 1 , 2 , . . . ) , have unit 141b for estimating a position , in a lumen , of a subject 
a difference AT2 between imaging time not more than the 5 ( organ ) shown in an abnormal image , that is , an imaging 
threshold th1 , the abnormal image 12 and the abnormal position in a lumen from which the abnormal image is 
image 142 + 2 are determined to include identical abnormal 
regions , on condition that the global similarity Sotoboy is not FIG . 12 is a flowchart illustrating a representative - image 
less than the threshold th2 . extraction process performed by the representative - image 

In contrast , when the difference AT between imaging time 10 extracting unit 141 in step S14 illustrated in FIG . 8 . The 
is larger than the threshold th1 in step S202 ( step S202 : No ) , representative - image extracting unit 141 performs process 
or when the global similarity Solobaj is less than the threshold i ng of a loop B for each abnormal image group extracted in 
th2 in step S203 ( step S203 : No ) , the abnormal image group step S23 . Note that , in the following description , the number 
extracting unit 220 determines that the abnormal image I , to of representative images to be extracted from each abnormal 
be processed and the abnormal image Ix , extracted subse - 15 image group is defined as n . 
quent to the abnormal image I , do not include identical First , in step S211 , the representative - image extracting 
abnormal regions ( step S205 ) . For example , as illustrated in unit 141 determines whether identical abnormal regions 
FIG . 10 , a difference AT3 between imaging time between an included in an abnormal image group to be processed have 
abnormal image 141 + 4 and the abnormal image 12 is larger bleeding . Specifically , abnormal regions detected based on 
than the threshold th1 , so that these abnormal images are 20 the specific reddish color in step S11 ( see first embodiment ) 
determined not to include identical abnormal regions . are determined as bleeding . Alternatively , it may be deter 

After completion of the processing of the loop A for all mined whether the abnormal regions have bleeding , based 
abnormal images , the abnormal image group extracting unit on the color features , the shape features , and the texture 
220 extracts abnormal images determined to show identical features of the abnormal region . 
abnormal regions , as the identical abnormal image group , in 25 When the identical abnormal regions represent bleeding 
step S206 . Then , operation of the image processing appa - ( step S211 : Yes ) , the position estimating unit 141b captures 
ratus returns to a main routine . the time - series positional information imaging time or 

Note that , in step S201 , a difference in arrangement order arrangement order of abnormal images ) acquired by the 
i between the abnormal images I ; may be calculated , instead positional information acquiring unit 210 in step S21 , and 
of imaging time . In this condition , in step S202 , it is 30 estimates an imaging position , in a lumen , of each abnormal 
determined whether a difference in arrangement order is not image included in the abnormal image group , based on the 
more than a predetermined threshold . positional information ( step S212 ) . 

Note that , steps S14 and S15 subsequent to step S22 are In the following step S213 , the bleeding source detection 
similar to those of the first embodiment ( see FIG . 2 ) . unit 141a detects bleeding source images ( abnormal image 

As described above , according to the second embodiment 35 showing a bleeding source ) . Specifically , an abnormal image 
of the present invention , since the abnormal image group captured at an imaging position on the most upstream side 
including identical abnormal regions is extracted based on in a lumen ( i . e . , the oldest time - series abnormal image ) is 
time - series positional information and the global similarity detected , as the bleeding source image , from abnormal 
of the abnormal images , it is possible to prevent abnormal images including an abnormal region having a strong red 
images , which are temporally separated significantly , from 40 dish color of the abnormal image group . Here , the abnormal 
being extracted as the identical abnormal image group . region having a strong reddish color can be determined , for 

Modification 2 example , as a region having a color ratio G / R not more than 
Next , modification 2 of the second embodiment of the a predetermined threshold . Note that , the threshold of the 

present invention will be described . color ratio G / R used here is preferably set strictly ( smaller 
In the second embodiment , the time - series positional 45 value ) relative to the determination criteria ( color ratio G / R ) 

information of the abnormal images is used for the extrac - used for detection of the abnormal regions in step S11 . 
tion process for the abnormal image group including iden - Generally , when bleeding occurs in a lumen , blood flows 
tical abnormal regions . However , this positional information from an upstream side ( oral cavity side ) to a downstream 
can be used to perform a representative image extraction side ( anus side ) . Therefore , it can be considered that a 
process . 50 bleeding source is shown in an abnormal image captured at 

FIG . 11 is a block diagram illustrating a configuration of an imaging position on the most upstream side of abnormal 
a calculation unit of an image processing apparatus accord - images including an abnormal region having a strong red 
ing to modification 2 . As illustrated in FIG . 11 , a calculation dish color . 
unit 250 according to modification 2 includes a representa - In the following step S214 , the representative - image 
tive - image extracting unit 141 , instead of the representative - 55 extracting unit 141 extracts , as the representative image , one 
image extracting unit 140 of the calculation unit 200 accord of the bleeding source images detected in step S213 . 
ing to the second embodiment ( see FIG . 7 ) . Configurations In the following step S215 , the representative - image 
and operations of units of the calculation unit 250 other than extracting unit 141 extracts n - 1 representative images at 
the representative - image extracting unit 141 are similar to random from abnormal images ( excluding the bleeding 
those of the second embodiment . 60 source image ) including abnormal regions having a strong 

The representative - image extracting unit 141 preferen - reddish color of the abnormal image group , where n is the 
tially extracts , as the representative image , an abnormal number of representative images to be extracted . 
image showing a bleeding source for the abnormal region in the following step S216 , the representative - image 
having a high degree of importance , from each of the extracting unit 141 determines whether n representative 
abnormal image groups each including identical abnormal 65 images can be extracted . When the abnormal image group 
regions . More specifically , the representative - image extract - has at least n abnormal images including the abnormal 
ing unit 141 includes a bleeding source detection unit 141a regions having a strong reddish color , a total of n represen 
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tative images can be extracted from the at least n abnormal Kinds of abnormality such as floating blood or vascular 
images . In this condition ( step S216 : Yes ) , the process abnormality can be determined using determination criteria 
proceeds to step S219 . previously developed . The determination criteria are devel 

In contrast , when the abnormal images including the oped by a learning tool such as a support vector machine 
abnormal regions having a strong reddish color is less than 5 ( SVM ) , based on a feature distribution of an abnormal 
n , in the abnormal image group , n representative images region such as floating blood or vascular abnormality shown 
cannot be extracted . In this condition ( step S216 : No ) , the in an intraluminal image , and stored in the recording unit 50 . 
representative - image extracting unit 141 extracts represen - The feature includes color features ( values of R component , 
tative images at random from the remaining abnormal G component , and B component of a pixel value , values 
images not including the abnormal regions having a strong 10 secondarily calculated by known conversion based on the 
reddish color , until a total n representative images are values of these color components ( color difference calcu 
extracted ( step S217 ) . Then , the process proceeds to step lated by YCbCr conversion , hue or saturation calculated by 
S219 . HSI conversion , color ratio such as G / R or B / G , or the like ) ) , 

Furthermore , in step S211 , when identical abnormal shape features ( shape information such as HOG , area , cir 
regions in an abnormal image group to be processed do not 15 cumferential length , or Feret ’ s diameter ) , and texture fea 
have the bleeding ( step S211 : No ) , the representative - image tures ( LBP , simultaneous normal matrix , or the like ) . 
extracting unit 141 extracts n representative images from the The abnormal image group extracting unit 320 extracts 
abnormal image group , similarly to the first embodiment abnormal image groups each including identical abnormal 
( step S218 ) . Then , the process proceeds to step S219 . regions , based on the positional information acquired by the 

In step S219 , the representative - image extracting unit 141 20 positional information acquiring unit 210 , the global simi 
adds information ( flag ) indicating the representative image larity calculated by the global similarity calculating unit 
to image data of the extracted n representative images . 120 , and a classification result by the abnormality classify 

After completion of processing of the loop B for all ing unit 310 . 
abnormal image groups extracted in step S23 ( see FIG . 8 ) , Next , operation of the image processing apparatus accord 
operation of the image processing apparatus returns to a 25 ing to the third embodiment will be described . FIG . 14 is a 
main routine . flowchart illustrating operation of the image processing 

As described above , according to modification 2 , based on apparatus according to the third embodiment . Note that , 
the intensity of the reddish color of the abnormal region and steps S10 and S11 illustrated in FIG . 14 are similar to those 
the positional information of each abnormal image in a of the first embodiment ( see FIG . 2 ) . 
lumen , a bleeding source having a high degree of importance 30 In step S31 subsequent to step S11 , the positional infor 
can be preferentially extracted as the representative image , mation acquiring unit 210 acquires time - series positional 
in diagnosis . information of the abnormal images extracted in step S11 . 

Specifically , an arrangement order i or imaging time of the 
Third Embodiment abnormal image I , is acquired as the positional information . 

35 In the following step S32 , the global similarity calculating 
Next , a third embodiment of the present invention will be unit 120 calculates the global similarity between adjacent 

described . abnormal images in an abnormal image sequence . A method 
FIG . 13 is a block diagram illustrating a configuration of for calculating the global similarity is similar to that 

a calculation unit of an image processing apparatus accord described in the first embodiment ( see FIGS . 4 and 5 ) . 
ing to the third embodiment of the present invention . The 40 Alternatively , the global similarity may be calculated in a 
image processing apparatus according to the third embodi similar manner to modifications 1 - 1 to 1 - 3 . 
ment includes a calculation unit 300 illustrated in FIG . 13 , In the following step S33 , the abnormality classifying unit 
instead of the calculation unit 100 illustrated in FIG . 1 . 310 classifies each of the abnormal regions detected in step 
Configurations and operations of units other than the calcu - S11 . Specifically , the continuous abnormality determination 
lation unit 300 are similar to those of the first embodiment . 45 unit 311 reads determination criteria for determining the 

The calculation unit 300 includes the detecting unit 110 , abnormal regions occurring continuously , from the record 
the positional information acquiring unit 210 , the global ing unit 50 , compares features calculated for abnormal 
similarity calculating unit 120 , an abnormality classifying regions to be processed with the determination criteria to 
unit 310 , an abnormal image group extracting unit 320 , and determine the types of a subject in the abnormal regions , and 
the representative - image extracting unit 140 . Among these , 50 determines , according to the types of the subject , whether 
operations of the detecting unit 110 , the global similarity the abnormal regions occur continuously . Specifically , if the 
calculating unit 120 , and the representative - image extracting subject in the abnormal regions is floating blood or vascular 
unit 140 are similar to those of the first embodiment . abnormality , the abnormal regions are determined to be 
Furthermore , operation of the positional information acquir - occurring continuously . 
ing unit 210 is similar to that of the second embodiment . 55 In the following step S34 , the abnormal image group 

The abnormality classifying unit 310 is a region - of - extracting unit 320 uses the positional information acquired 
interest classifying unit for classifying abnormal regions as in step S31 and the global similarity calculated in step S32 , 
regions of interest , according to types of a subject in the based on a result of the classification in step S33 , and 
abnormal regions . Specifically , the abnormality classifying extracts abnormal image groups each including identical 
unit 310 includes a continuous abnormality determination 60 abnormal regions . 
unit ( continuity determination unit ) 311 for determining FIG . 15 is a flowchart illustrating an abnormal image 
whether the abnormal regions occur continuously in the group extraction process performed by the abnormal image 
series of intraluminal images . if the subject in the abnormal group extracting unit 320 in step S34 . The abnormal image 
regions is an abnormality such as floating blood or vascular group extracting unit 320 performs processing of a loop C 
abnormality , the continuous abnormality determination unit 65 for each abnormal image extracted in step S11 . 
311 determines that the abnormal regions occur continu - First , in step S301 , the abnormal image group extracting 
ously . unit 320 calculates a parameter Spos representing a degree of 
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positional proximity between an abnormal image I ; ( j is a including identical abnormal regions is extracted , based on 
natural number ) to be processed , and an abnormal image linn the time - series positional information and the global simi 
( n is a natural number ) adjacent to the abnormal image I ; in larity of an abnormal image , the weighting factors of the 
an abnormal image sequence . The parameter Spos is given by global similarity and the positional information are changed 
the following formula ( 2 ) . 5 depending on whether the abnormal region in the abnormal 

image occurs continuously , and thus , accuracy in extraction Spos = { N - n ) / N of the abnormal image group including identical abnormal 
In formula ( 2 ) , N is a parameter for normalizing a regions can be increased . 

difference n in arrangement order , and for example set to Modification 3 - 1 
N = 10 . This parameter Spos has a larger value , when the 10 Next , modification 3 - 1 of the third embodiment of the 
subjects shown in the abnormal images I , and litn are closer present invention will be described . 
in position in a lumen ( when n is smaller ) . FIG . 16 is a block diagram illustrating another exemplary 
Note that , in step S31 , when imaging time of the abnormal configuration of an abnormality classifying unit 310 illus 

image I , is acquired as the positional information , a differ - trated in FIG . 13 . In the calculation unit 300 illustrated in 
ence between imaging time is substituted for the difference 15 FIG . 13 , an abnormality classifying unit 330 illustrated in 
n in arrangement order , in formula ( 2 ) , and a parameter for FIG . 16 may be provided instead of the abnormality clas 
normalizing the difference between imaging time is used for sifying unit 310 . The abnormality classifying unit 330 
the parameter N to calculate the parameter representing the includes an intermittent abnormality determination unit ( in 
degree of positional proximity . termittency determination unit ) 331 for determining whether 

In the following step S302 , the abnormal image group 20 an abnormal region occurs intermittently in the series of 
extracting unit 320 determines weighting factors w , and w? intraluminal images . If a subject in an abnormal region is 
( w , + W2 = 1 ) assigned to the global similarity Solobar and the abnormality such as redness , bleeding point , aphtha , or 
parameter Spos representing the degree of positional prox ulcer , the intermittent abnormality determination unit 331 
imity , respectively , based on a result of the classification of determines that the abnormal region occurs intermittently . 
the abnormal regions in the abnormal images to be pro - 25 The kinds of abnormality such as redness , bleeding point , 
cessed ( see step S33 ) . At this time , if the abnormal image I , aphtha , or ulcer can be determined using determination 
has an abnormal region occurring continuously , the weight - criteria previously developed . The determination criteria are 
ing factors w , and w? are determined so that the weighting developed by a learning tool such as a support vector 
factor w , is larger relative to the weighting factor w . In machine ( SVM ) , based on a feature distribution of an 
contrast , if the abnormal image I , has an abnormal region 30 abnormal region such as redness , bleeding point , aphtha , 
that does not continuously occur , the weighting factors w ulcer shown in an intraluminal image , and stored in the 
and w , are determined such that the weighting factor w is recording unit 50 . The feature includes color features ( values 
larger relative to the weighting factor W , . of R component , G component , and B component of a pixel 

In the following step S303 , the abnormal image group value , values secondarily calculated by known conversion 
extracting unit 320 uses the weighting factors w and w , 35 based on the values of these color components ( color 
determined in step S302 to calculate a total determination difference calculated by YCbCr conversion , hue or satura 
parameter Stotall to which the global similarity Sciobat and the tion calculated by HSI conversion , color ratio such as G / R 
parameter Spos representing the degree of positional prox - or B / G , or the like ) ) , shape features ( shape information such 
imity are added . The total determination parameter Stotall is as HOG , area , circumferential length , or Feret ' s diameter ) , 
given by the following formula ( 3 ) . 40 and texture features ( LBP , simultaneous normal matrix , or 

the like ) . 
Srotal1 = W1 ' Sglobal + W2 - Spos ( 3 ) In this configuration , in step S33 illustrated in FIG . 14 , the 

In the following step S304 , the abnormal image group abnormality classifying unit 330 classifies the abnormal 
extracting unit 320 determines whether the total determina regions detected in step S11 . Specifically , the intermittent 
tion parameter Stotal is not less than a predetermined thresh - 45 abnormality determination unit 331 reads determination 
old th3 . When the total determination parameter Soto is not criteria for determining the abnormal regions occurring 
less than the threshold th3 ( step S304 : Yes ) , the abnormal intermittently , from the recording unit 50 , compares features 
image group extracting unit 320 determines that the abnor - calculated for abnormal regions to be processed with the 
mal image I ; to be processed and the abnormal image lien determination criteria to determine the types of a subject in 
extracted subsequent to the abnormal image I ; include iden - 50 the abnormal regions , and determines , according to the types 
tical abnormal regions ( step S305 ) . In contrast , when the of the subject , whether the abnormal regions occur inter 
total determination parameter Stotaj is less than the threshold mittently . 
th3 ( step S304 : No ) , the abnormal image group extracting Furthermore , in this configuration , in step S34 illustrated 
unit 320 determines that the abnormal image I , to be pro - in FIG . 14 , the abnormal image group extracting unit 320 
cessed and the abnormal image lin , extracted subsequent to 55 uses the positional information acquired in step S31 and the 
the abnormal image I , do not include identical abnormal global similarity calculated in step S32 , based on a result of 
regions ( step S306 ) . the classification by the abnormality classifying unit 330 , 

After completion of the processing of the loop C for all and extracts abnormal image groups each including identical 
abnormal images , the abnormal image group extracting unit abnormal regions . 
320 extracts abnormal images determined to show identical 60 Specifically , in step S302 illustrated in FIG . 15 , the 
abnormal regions , as the identical abnormal image group , in abnormal image group extracting unit 320 determines the 
step S307 . Then , operation of the image processing appa - weighting factors w , and w , assigned to the global similarity 
ratus returns to a main routine . Sglobal and the parameter Spos representing the degree of 

Steps S14 and S15 subsequent to step S34 are similar to positional proximity , based on a result of the classification of 
those of the first embodiment ( see FIG . 2 ) . 65 the abnormal regions by the abnormality classifying unit 

As described above , according to the third embodiment of 330 . At this time , if the abnormal image I , has an abnormal 
the present invention , when the abnormal image group region that occurs intermittently , the weighting factors wi 

+ n 
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and w , are determined so that the weighting factor w , is instead of the calculation unit 100 illustrated in FIG . 1 . 
larger relative to the weighting factor W , . In contrast , if the Configurations and operations of units other than the calcu 
abnormal image I , has an abnormal region that does not lation unit 400 are similar to those of the first embodiment . 
intermittently occur , the weighting factors w , and w , are The calculation unit 400 includes the detecting unit 110 , 
determined so that the weighting factor w , is larger relative 5 the global similarity calculating unit 120 , a local similarity 
to the weighting factor w . calculating unit 410 , the abnormality classifying unit 310 , an 
Modification 3 - 2 abnormal image group extracting unit 420 , and the repre 
Next , modification 3 - 2 of the third embodiment of the sentative - image extracting unit 140 . Among these , opera 

present invention will be described . tions of the detecting unit 110 , the global similarity calcu 
FIG . 17 is a block diagram illustrating still another 10 lating unit 120 , and the representative - image extracting unit 

exemplary configuration of the abnormality classifying unit 140 are similar to those of the first embodiment ( see FIG . 1 ) . 
310 illustrated in FIG . 13 . In the calculation unit 300 Furthermore , operation of the abnormality classifying unit 
illustrated in FIG . 13 , an abnormality classifying unit 340 310 is similar to that of the third embodiment . 
illustrated in FIG . 17 may be provided instead of the The local similarity calculating unit 410 calculates , as a 
abnormality classifying unit 310 . The abnormality classify - 15 local similarity , a similarity between abnormal regions 
ing unit 340 includes the continuous abnormality determi - between adjacent abnormal images in an abnormal image 
nation unit 311 and the intermittent abnormality determina sequence . 
tion unit 331 . Operation of the continuous abnormality The abnormal image group extracting unit 420 extracts 
determination unit 311 is similar to that of the third embodi - abnormal image groups each including identical abnormal 
ment , and operation of the intermittent abnormality deter - 20 regions , based on the global similarity calculated by the 
mination unit 331 is similar to that of modification 3 - 1 . global similarity calculating unit 120 , the local similarity 

In this configuration , in step S33 illustrated in FIG . 14 , the calculated by the local similarity calculating unit 410 , and a 
abnormality classifying unit 340 classifies the abnormal result of the classification by the abnormality classifying 
regions detected in step S11 . Specifically , the continuous unit 310 . 
abnormality determination unit 311 determines whether 25 Next , operation of the image processing apparatus accord 
abnormal regions to be processed occur continuously in a ing to the fourth embodiment will be described . FIG . 19 is 
group of a series of intraluminal images . The intermittent a flowchart illustrating operation of the image processing 
abnormality determination unit 331 determines whether apparatus according to the fourth embodiment . Note that , 
abnormal regions to be processed occur intermittently in the steps S10 to S12 illustrated in FIG . 19 are similar to those 
group of a series of intraluminal images . In consequence , the 30 of the first embodiment ( see FIG . 2 ) . In step S12 , the global 
abnormal regions are classified into the abnormal region similarity may be calculated in a similar manner to modi 
occurring continuously , the abnormal region occurring inter - fications 1 - 1 to 1 - 3 . 
mittently , and the other abnormal regions . In step S41 subsequent to step S12 , the local similarity 

In this configuration , in step S34 illustrated in FIG . 14 , the calculating unit 410 calculates the local similarity between 
abnormal image group extracting unit 320 uses the posi - 35 adjacent abnormal images in an abnormal image sequence . 
tional information acquired in step S31 and the global A local similarity calculation method is not particularly 
similarity calculated in step S32 , based on a result of the limited . As an example , when corresponding points are 
classification by the abnormality classifying unit 340 , and extracted between abnormal images by a known method 
extracts abnormal image groups each including identical such as scale invariant feature transform ( SIFT ) , and abnor 
abnormal regions . 40 mal regions correspond to each other between two abnormal 

Specifically , in step S302 illustrated in FIG . 15 , the images , the local similarity is defined to be 1 . 0 . In contrast , 
abnormal image group extracting unit 320 determines the abnormal regions do not correspond to each other between 
weighting factors w , and w , assigned to the global similarity two abnormal images , the local similarity is defined to be 
Sglobal and the parameter Spos representing the degree of 0 . 0 . 
positional proximity , respectively , based on a result of the 45 In the following step S42 , the abnormality classifying unit 
classification by the abnormality classifying unit 340 . At this 310 classifies each of the abnormal regions detected in step 
time , if the abnormal image I , has an abnormal region that S11 . That is , the continuous abnormality determination unit 
occurs continuously , the weighting factors w , and w , are 311 reads determination criteria for determining abnormal 
determined so that the weighting factor w , is larger relative regions occurring continuously , from the recording unit 50 
to the weighting factor w . In contrast , if the abnormal image 50 to determine whether the abnormal regions occur continu 
I ; has an abnormal region that occurs intermittently , the ously , based on the determination criteria . 
weighting factors w , and w , are determined so that the In the following step S43 , the abnormal image group 
weighting factor w , is larger relative to the weighting factor extracting unit 420 uses the global similarity calculated in 
W2 . Furthermore , if the abnormal image I , has an abnormal step S12 and the local similarity calculated in step S41 , 
region that does not continuously occur or intermittently 55 based on a result of the classification in step S42 , and 
occur , the weighting factors w , and w? are determined to be extracts abnormal image groups each including identical 
equal . abnormal regions . 

FIG . 20 is a flowchart illustrating an abnormal image 
Fourth Embodiment group extraction process performed by the abnormal image 

60 group extracting unit 420 in step S43 . The abnormal image 
Next , a fourth embodiment of the present invention will group extracting unit 420 performs processing of a loop D 

be described . for each abnormal image extracted in step S11 . 
FIG . 18 is a block diagram illustrating a configuration of First , in step S401 , the abnormal image group extracting 

a calculation unit of an image processing apparatus accord - unit 420 determines weighting factors Wz and W4 assigned to 
ing to the fourth embodiment of the present invention . The 65 the global similarity Sgiobal and a local similarity Slocals 
image processing apparatus according to the fourth embodi - respectively , based on a result of the classification of the 
ment includes a calculation unit 400 illustrated in FIG . 18 , abnormal regions in the abnormal images to be processed 
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( see step S42 ) . If the abnormal regions occur continuously , the abnormal regions , or texture features ( edge amounts or 
the weighting factors Wg and W4 are determined so that the the like calculated using Sobel filter , Laplacian filter , or the 
weighting factor w3 is relatively larger ( e . g . , W3 = 1 , W4 = 0 , like ) in pixels constituting the abnormal regions . 
etc . ) . In contrast , if the abnormal regions do not continu - Next , the local similarity calculating unit 410 calculates 
ously occur , the weighting factors W3 and W4 are determined 5 an amount of change Ac , in feature described above , 
so that the weighting factor W4 is relatively larger ( e . g . , between adjacent abnormal images in an abnormal image 
Wz = 0 , W4 = 1 , etc . ) . sequence . Then , a maximum value Cormor , and the amount of In the following step S402 , the abnormal image group change Ac , in feature are used to calculate the local simi extracting unit 420 uses the weighting factors W3 and w4 larity Siocal given by the following formula ( 5 ) . determined in step S401 , to calculate a total determination 10 
parameter Stotai2 to which the global similarity Solobaj and the Stocar ( Calmax ) - Aca ) Calmax ) local similarity Socal are added . The total determination 
parameter Stotal2 is given by the following formula ( 4 ) . In formula ( 5 ) , the maximum value calmax ) in features is 

a maximum value taken by the features . For example , when 
Stotal2 = W3 - Sglobal + W4 ' Slocal ( 4 ) 15 statistical values of pixel values ( G component values ) are 

In the following step S403 , the abnormal image group calculated as the features , for the abnormal images having 
extracting unit 420 determines whether the total determina - 256 tone levels , the features have a maximum value Colmar 
tion parameter Stetoto is not less than a predetermined thresh - of 256 . Furthermore , when circularity is calculated as the 
old th4 . When the total determination parameter Stoto is not features , the circularity has a maximum value calmar ) of 1 . 
less than the threshold th4 ( step S403 : Yes ) , the abnormal 20 Modification 4 - 2 
image group extracting unit 420 determines that an abnor Next , modification 4 - 2 of the fourth embodiment of the 
mal image to be processed and an abnormal image extracted present invention will be described . 
subsequent to the abnormal image include identical abnor - In the calculation unit 400 illustrated in FIG . 18 , instead 
mal regions ( step S404 ) . In contrast , when the total deter - of the abnormality classifying unit 310 , the abnormality 
mination parameter Stota12 is less than the threshold th4 ( step 25 classifying unit 330 only including the intermittent abnor 
S403 : No ) , the abnormal image group extracting unit 420 mality determination unit 331 illustrated in FIG . 16 may be 
determines that an abnormal image to be processed and an provided to classify the abnormal regions to be processed , 
abnormal image extracted subsequent to the abnormal image into two abnormal regions , that is , the abnormal regions 
do not include identical abnormal regions ( step S405 ) . occurring intermittently and the other abnormal regions ( see 

After completion of the processing of the loop D for all 30 Modification 3 - 1 ) . 
abnormal images , the abnormal image group extracting unit In this configuration , in step S42 illustrated in FIG . 19 , the 
420 extracts abnormal images determined to show identical abnormality classifying unit 330 classifies the abnormal 
abnormal regions , as the identical abnormal image group , in regions detected in step S11 . That is , the intermittent abnor 
step S406 . Then , operation of the image processing appa - mality determination unit 331 reads determination criteria 
ratus returns to a main routine . 35 for determining abnormal regions occurring intermittently , 

Note that , steps S14 and S15 subsequent to step S43 are from the recording unit 50 to determine whether the abnor 
similar to those of the first embodiment ( see FIG . 2 ) . mal regions occur intermittently , based on the determination 
As described above , according to the fourth embodiment criteria . 

of the present invention , the weighting factors assigned to Furthermore , in this configuration , in step S43 illustrated 
the overall similarity between abnormal images and the local 40 in FIG . 19 , the abnormal image group extracting unit 420 
similarity between abnormal regions , respectively , are uses the global similarity Solobaj calculated in step S12 and 
changed depending on whether an abnormal region occurs the local similarity Socs calculated in step S41 , based on a 
continuously , and it is determined whether two abnormal result of the classification by the abnormality classifying 
images include identical abnormal regions , based on the unit 330 , and extracts abnormal image groups each includ 
total determination parameter thereof . Thus , accuracy in 45 ing identical abnormal regions . 
extraction of an abnormal image group including identical Specifically , in step S401 illustrated in FIG . 20 , the 
abnormal regions can be increased . abnormal image group extracting unit 420 determines the 

Modification 4 - 1 weighting factors W3 and W4 assigned to the global similarity 
Next , modification 4 - 1 of the fourth embodiment of the Sglobal and the local similarity Socat based on a result of the 

present invention will be described . 50 classification of the abnormal regions by the abnormality 
The local similarity calculating unit 410 illustrated in classifying unit 330 . If the abnormal regions occur intermit 

FIG . 18 may calculate the local similarity using various tently , the weighting factors w3 and w4 are determined so 
methods , in addition to the method described in the fourth that the weighting factor W4 is relatively larger ( e . g , wz = 0 , 
embodiment . W4 = 1 , etc . ) . In contrast , if the abnormal regions do not 
As an example , the local similarity calculating unit 410 55 intermittently occur , the weighting factors Wz and we are 

calculates features of abnormal regions included in the determined so that the weighting factor Wz is relatively 
abnormal images , first . The features include for example a larger ( e . g . , W3 = 1 , W4 = 0 , etc . ) . 
statistic such as an average value , median , or the like of pixel M odification 4 - 3 
values ( luminance values or G component values ) of pixels Next , modification 4 - 3 of the fourth embodiment of the 
constituting the abnormal regions , a statistic such as an 60 present invention will be described . 
average value , median , or the like of color features ( color In the calculation unit 400 illustrated in FIG . 18 , instead 
difference calculated by YCbCr conversion , hue or satura - of the abnormality classifying unit 310 , the abnormality 
tion calculated by HSI conversion , a color ratio such as G / R classifying unit 340 including the continuous abnormality 
or B / G , or the like , using R component , G component , and determination unit 311 and the intermittent abnormality 
B component values ) of pixels constituting the non - abnor - 65 determination unit 331 illustrated in FIG . 17 may be pro 
mal regions , and a statistic such as an average value , median , vided to classify the abnormal regions to be processed , into 
or the like of shape features ( areas , circularity , or the like ) of three abnormal regions , that is , the abnormal regions occur 
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ring continuously , the abnormal regions occurring intermit - 120 , the local similarity calculated by the local similarity 
tently , and the other abnormal regions ( see Modification calculating unit 410 , and a result of the classification by the 
3 - 2 ) . abnormality classifying unit 340 . 

In this configuration , in step S42 illustrated in FIG . 19 , the Next , operation of the image processing apparatus accord 
abnormality classifying unit 340 classifies the abnormal 5 ing to the fifth embodiment will be described . FIG . 22 is a 
regions detected in step S11 . That is , the continuous abnor flowchart illustrating operation of the image processing 
mality determination unit 311 determines whether abnormal apparatus according to the fifth embodiment . Note that , steps 
regions to be processed occur continuously in the group of S10 and S11 illustrated in FIG . 14 are similar to those of the 
a series of intraluminal images . The intermittent abnormality first embodiment ( see FIG . 2 ) . 
determination unit 331 determines whether abnormal 10 In step S51 subsequent to step S11 , the positional infor regions to be processed occur intermittently in the group of mation acquiring unit 210 acquires , as the time - series posi a series of intraluminal images . tional information of the abnormal images extracted in step In this configuration , in step S43 illustrated in FIG . 19 , the S11 , the imaging time or the arrangement order i of the abnormal image group extracting unit 420 uses the global 
similarity Selobal calculated in step S12 and the local simi - 15 10 i 15 abnormal images Ii . 
larity Slocal calculated in step S41 , based on a result of the In the following step S52 , the global similarity calculating 
classification by the abnormality classifying unit 340 , and unit 120 calculates the global similarity Sglobal between 
extracts abnormal image groups each including identical adjacent abnormal images in an abnormal image sequence . 
abnormal regions . A method for calculating the global similarity Sglobal is 

Specifically , in step S401 illustrated in FIG . 20 , the 20 similar to that described in the first embodiment ( see FIGS . 
abnormal image group extracting unit 420 determines the 4 and 5 ) . Alternatively , the global similarity Soriano , may be 
weighting factors W3 and 14 assigned to the global similarity calculated in a similar manner to modifications 1 - 1 to 1 - 3 . 
Sotoboy and the local similarity Soest , respectively , based on a In the following step S53 , the local similarity calculating 
result of the classification by the abnormality classifying unit 410 calculates the local similarity Story between adja 
unit 340 . If the abnormal regions occur continuously , the 25 cent abnormal images in an abnormal image sequence . A 
weighting factors w? and wc are determined so that the method for calculating the local similarity Siorai is similar to 
weighting factor wz is relatively larger ( e . g . , W? = 1 , W2 = 0 , that described in the fourth embodiment or modification 4 - 1 
etc . ) . If the abnormal regions occur intermittently , the ( see step S41 of FIG . 19 ) . 
weighting factors Wz and w4 are determined so that the In the following step S54 , the abnormality classifying unit 
weighting factor W4 is relatively larger ( e . g . , W3 = 0 , W2 = 1 , 30 340 classifies each of the abnormal regions detected in step 
etc . ) . Furthermore , if the abnormal regions do not continu - S11 . A method for classifying the abnormal regions is 
ously occur or intermittently occur , the weighting factors Wz similar to that described in modification 3 - 2 . In conse 
and we are determined to have an equal value ( e . g . , W3 = 0 . 5 , quence , the abnormal regions are classified into the abnor 
W4 = 0 . 5 , etc . ) . mal regions occurring continuously , the abnormal regions 

35 occurring intermittently , and the other abnormal regions . 
Fifth Embodiment In the following step S55 , the abnormal image group 

extracting unit 510 extracts abnormal image groups each 
Next , a fifth embodiment of the present invention will be including identical abnormal regions , according to the posi 

described tional information acquired in step S51 , the global similarity 
FIG . 21 is a block diagram illustrating a configuration of 40 Soloba , calculated in step S52 , and the local similarity Socat 

a calculation unit of an image processing apparatus accord calculated in step S53 , based on a result of the classification 
ing to the fifth embodiment of the present invention . The in step S54 . 
image processing apparatus according to the fifth embodi - FIG . 23 is a flowchart illustrating an abnormal image 
ment includes a calculation unit 500 illustrated in FIG . 21 , group extraction process performed by the abnormal image 
instead of the calculation unit 100 illustrated in FIG . 1 . 45 group extracting unit 510 in step S55 . The abnormal image 
Configurations and operations of units other than the calcu - group extracting unit 510 performs processing of a loop E 
lation unit 500 are similar to those of the first embodiment for each abnormal image extracted in step S11 . 

The calculation unit 500 includes the detecting unit 110 , First , in step S501 , the abnormal image group extracting 
the positional information acquiring unit 210 , the global unit 510 calculates a difference AT ( = T ( 1 / 1 ) - T ( 11 ) ) between 
similarity calculating unit 120 , the local similarity calculat - 50 imaging time T ( I ) and T ( Ixv ) , that is , an elapsed time , 
ing unit 410 , the abnormality classifying unit 340 , an between an abnormal image I to be processed ( k is a natural 
abnormal image group extracting unit 510 , and the repre - number ) and an adjacent abnormal image Iki ( k ' is a natural 
sentative - image extracting unit 140 . Among these , opera - number , where k < k ' ) in an abnormal image sequence . 
tions of the detecting unit 110 , the global similarity calcu - In the following step S502 , the abnormal image group 
lating unit 120 , and the representative - image extracting unit 55 extracting unit 510 determines whether the abnormal region 
140 are similar to those of the first embodiment ( see FIG . 1 ) . in the abnormal image Ik is classified as being continuous 
Operation of the positional information acquiring unit 210 is ( see step S54 ) . 
similar to that of the second embodiment . ( see FIG . 7 ) . When the abnormal region is classified as being continu 
Operation of the local similarity calculating unit 410 is ous ( step S502 : Yes ) , the abnormal image group extracting 
similar to that of the fourth embodiment or modification 4 - 1 60 unit 510 determines whether the difference AT between 
( see FIG . 18 ) . Operation of the abnormality classifying unit imaging time is not more than a predetermined threshold th5 
340 is similar to that of modification 3 - 2 ( see FIG . 17 ) . ( step S503 ) . 

The abnormal image group extracting unit 510 extracts When the difference AT between imaging time is not more 
abnormal image groups each including identical abnormal than the threshold th5 ( step S503 : Yes ) , the abnormal image 
regions , based on the positional information acquired by the 65 group extracting unit 510 then determines whether the 
positional information acquiring unit 210 , the global simi - global similarity Sglobal between the abnormal images Ik and 
larity calculated by the global similarity calculating unit Ik , is not less than a predetermined threshold th6 ( step S504 ) . 

globa cal 
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When the global similarity Selobal is not less than the mal image Ik to be processed and the abnormal image Ik 

threshold th6 ( step S504 : Yes ) , the abnormal image group extracted subsequent to the abnormal image It include 
extracting unit 510 determines that the abnormal image Ik to identical abnormal regions ( step S505 ) . 
be processed and the abnormal image Ik , extracted subse In contrast , when the difference AT between imaging time 
quent to the abnormal image Ik include identical abnormal 5 is larger than the threshold th9 in step S510 ( step S510 : No ) , 
regions ( step S505 ) . or when the global similarity Sotoboy is less than the threshold 

In contrast , when the difference AT between imaging time th6 or the local similarity Soca is less than the threshold th8 , 
is larger than the threshold th5 in step S503 ( step S503 : No ) , in step S511 ( step S511 : No ) , the abnormal image group 
or when the global similarity Solehaj is less than the threshold extracting unit 510 determines that the abnormal image I , to 
th6 in step S504 ( step S504 : No ) , the abnormal image group 10 be processed and the abnormal image Iki extracted subse 
extracting unit 510 determines that the abnormal image I to quent to the abnormal image I do not include identical 
be processed and the abnormal image It , extracted subse - abnormal regions ( step S506 ) . 
quent to the abnormal image Ik do not include identical After completion of the processing of the loop E for all 
abnormal regions ( step S506 ) . abnormal images , the abnormal image group extracting unit 

In step S502 , when the abnormal region is not classified 15 510 extracts abnormal images determined to show the 
as being continuous step S502 : No ) , the abnormal image identical abnormal regions , as the identical abnormal image 
group extracting unit 510 then determines whether the group , in step S512 . Then , operation of the image processing 
abnormal region is classified as being intermittent ( step apparatus returns to a main routine . 
S507 ) . Steps S14 and S15 subsequent to step S55 are similar to 

If the abnormal region is classified as being intermittent 20 those of the first embodiment ( see FIG . 2 ) . 
( step S507 : Yes ) , the abnormal image group extracting unit As described above , according to the fifth embodiment of 
510 determines whether the difference AT between imaging the present invention , the threshold used for determining the 
time is not more than a predetermined threshold th7 ( step difference AT between imaging time is changed , and the 
S508 ) . Here , if the abnormal region is classified as being similarities ( global similarity Sciobat , local similarity Slocal ) 
intermittently - occurring abnormal region , identical abnor - 25 used for determining a similarity between the abnormal 
mal regions may be intermittently shown in a series of images are switched , according to the types of the subject in 
time - series images . Therefore , the threshold th7 is set to be the abnormal region , and thus , accuracy in extraction of an 
longer than the threshold th5 used in step S503 . abnormal image group including identical abnormal regions 
When the difference AT between imaging time is not more can be increased . 

than the threshold th7 ( step S508 : Yes ) , the abnormal image 30 Note that , in the fifth embodiment , the determination 
group extracting unit 510 then determines whether the local criteria , which are respectively used for determining the 
similarity Siocal between the abnormal images Ik and It is not abnormal region by the continuous abnormality determina 
less than a predetermined threshold th8 ( step S509 ) . tion unit 311 and the intermittent abnormality determination 

When the local similarity Slocal is not less than the thresh - unit 331 may be adjusted to classify all abnormal regions 
old th8 ( step S509 : Yes ) , the abnormal image group extract - 35 into any of the abnormal regions occurring continuously and 
ing unit 510 determines that the abnormal image I , to be the abnormal regions occurring intermittently . In this con 
processed and the abnormal image IK , extracted subsequent figuration , steps S510 and S511 described above are omitted . 
to the abnormal image Ik include identical abnormal regions Modification 5 - 1 
( step S505 ) . Next , modification 5 - 1 of the fifth embodiment of the 

In contrast , when the difference AT between imaging time 40 present invention will be described . 
is larger than the threshold th7 in step S508 ( step S508 : No ) , In the calculation unit 500 illustrated in FIG . 21 , instead 
or when the local similarity Soray is less than the threshold of the abnormality classifying unit 340 , the abnormality 
th8 in step S509 ( step S509 : No ) , the abnormal image group classifying unit 310 only including the continuous abnor 
extracting unit 510 determines that the abnormal image Iy to mality determination unit 311 illustrated in FIG . 13 may be 
be processed and the abnormal image Ix , extracted subse - 45 provided to classify the abnormal regions to be processed , 
quent to the abnormal image I , do not include identical into two abnormal regions , that is , the abnormal regions 
abnormal regions ( step S506 ) . occurring continuously and the other abnormal regions ( see 
When the abnormal region is not classified as being third embodiment ) . In this configuration , in step S502 illus 

intermittent in step S507 ( step S507 : No ) , the abnormal trated in FIG . 23 , if the abnormal regions to be processed do 
image group extracting unit 510 determines whether the 50 not continuously occur ( step S502 : No ) , the abnormal 
difference AT between imaging time is not more than a regions to be processed are regarded as the abnormal regions 
predetermined threshold th9 ( step S510 ) . Here , if the abnor - occurring intermittently , and the process directly proceeds to 
mal region is not a continuously - occurring abnormal regions step S508 . In addition , in this configuration , step S510 and 
or intermittently - occurring abnormal regions , the threshold S511 are omitted . 
th9 is set to a value between the threshold th5 used in step 55 Modification 5 - 2 
S503 and the threshold th7 used in step S508 . Next , modification 5 - 2 of the fifth embodiment of the 

When the difference AT between imaging time is not more present invention will be described . 
than the threshold th9 ( step S510 : Yes ) , the abnormal image In the calculation unit 500 illustrated in FIG . 21 , instead 
group extracting unit 510 then determines whether the of the abnormality classifying unit 340 , the abnormality 
global similarity Solehaj between the abnormal images 1 and 60 classifying unit 330 only including the intermittent abnor 
Ik is not less than the predetermined threshold th? , and the mality determination unit 331 illustrated in FIG . 16 may be 
local similarity Socal therebetween is not less than the provided to classify the abnormal regions to be processed , 
predetermined threshold th8 ( step S511 ) . into two abnormal regions , that is , the abnormal regions 

When the global similarity Soloboy is not less than the occurring intermittently and the other abnormal regions ( see 
threshold th6 and the local similarity Socaj is not less than the 65 Modification 3 - 1 ) . In this configuration , after step S501 
predetermined threshold th8 ( step S511 : Yes ) , the abnormal illustrated in FIG . 23 , the process directly proceeds to step 
image group extracting unit 510 determines that the abnor - S507 . Then , in step S507 , if the abnormal regions to be 
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processed do not intermittently occur ( step S507 : No ) , the and the abnormal image litn extracted subsequent to the 
abnormal regions to be processed are regarded as the abnor abnormal image do not include identical abnormal regions 
mal regions occurring continuously , and the process pro ( step S526 ) . 
ceeds to step S503 . In addition , in this configuration , step After completion of the processing of the loop F for all 
S510 and S511 are omitted . 5 abnormal images , the abnormal image group extracting unit 
Modification 5 - 3 510 extracts abnormal images determined to show identical 
Next , modification 5 - 3 of the fifth embodiment of the abnormal regions , as the identical abnormal image group , in 

present invention will be described . step S527 . Then , operation of the image processing appa 
In step S55 illustrated in FIG . 22 , the abnormal image ratus returns to a main routine . 

group extracting unit 510 may extract an abnormal image In the first to fifth embodiments and the modifications 
group including identical abnormal regions , based on the thereof having been described above , different abnormal 
total determination parameter using the positional informa - images having a global similarity or a determination param 
tion , the global similarity , and the local similarity . eter calculated based on the global similarity , not less than 

FIG . 24 is a flowchart illustrating an abnormal image 15 a predetermined threshold are determined to include iden 
group extraction process performed by the abnormal image tical abnormal regions , but the abnormal images having a 
group extracting unit 510 according to modification 5 - 3 . The global similarity or a determination parameter not more than 
abnormal image group extracting unit 510 performs pro the predetermined threshold may be determined to include 
cessing of a loop F for each abnormal image extracted in identical abnormal regions , depending on a method of 
step S11 . : 20 calculating the global similarity or the determination param 

First , in step S521 , the abnormal image group extracting eter . 
unit 510 calculates a parameter Spor ( spos = ( N - n ) / N ) repre The image processing apparatus according to the first to 
senting a degree of positional proximity between an abnor fifth embodiments and modifications thereof described 
mal image I ; ( j is a natural number ) to be processed , and an above can be achieved by executing image processing 
abnormal image Ij + n ( n is a natural number ) adjacent to the 25 programs recorded in a recording medium , on a computer 
abnormal image I ; in an abnormal image sequence . Note system such as a personal computer or workstation . Fur 
that , in step S51 , when imaging time of the abnormal images thermore , such a computer system may be used by being 
l , is acquired as the positional information , a parameter connected to another computer system or a device such as a 
representing a degree of positional proximity may be cal server , through a local area network ( LAN ) , a wide area 
culated based on a difference between imaging time . 30 network ( WAN ) , or a public network such as the Internet . In 

In the following step S522 , the abnormal image group this configuration , the image processing apparatus according 
extracting unit 510 determines weighting factors W5 , W6 , and to the first to fifth embodiments and modifications thereof 
W , ( W5 + Wa + W = 1 ) assigned to the global similarity Solobale may acquire image data of the intraluminal images through 
the local similarity Stocal , and the parameter Spos representing these networks , output a result of image processing to 
the degree of positional proximity , respectively , based on a 35 various output devices ( viewer , printer , and the like ) con 
result of the classification of the abnormal regions in the nected through these networks , or store a result of image abnormal images to be processed ( see step S54 ) . processing in a storage device ( recording medium , reader 

The weighting factors W5 , W6 , and w , are set so that if the thereof , and the like ) connected through these networks . 
abnormal image I , has an abnormal region occurring con According to some embodiments , since an image - of 
tinuously , the weighting factor W , is relatively larger , and the 40 interest group is extracted from images of interest detected 
weighting factor ws is relatively larger between the weight from a group of a series of images , based on a global 
ing factors w , and Wo . In contrast , if the abnormal region similarity between the images of interest , it is possible to 
occurs intermittently , the weighting factor w , is relatively prevent abnormal images showing identical abnormal 
smaller , and the weighting factor Wo is relatively larger regions from being continuously extracted as representative 
between the weighting factors w , and we 45 images . 

In the following step S523 , the abnormal image group N ote that , the present invention is not limited to the first 
extracting unit 510 uses the weighting factors W5 , W6 , and w , to fifth embodiments and modifications thereof , and inven 
determined in step S522 to calculate a total determination tion can be variously made by appropriately combining the 
parameter Stota13 to which the global similarity Sgiobal , the elements disclosed in the embodiments or modifications . For 
local similarity Socat , and the parameter Spos representing the so example , the present invention may be made by excluding 
degree of positional proximity are added . The total deter several elements from all the elements described in the 
mination parameter Stota13 is given by the following formula embodiments or modifications , or by appropriately combin 
( 6 ) . ing the elements described in different embodiments or 

modifications . 
( 6 ) 55 Additional advantages and modifications will readily 

In the following step S524 , the abnormal image group occur to those skilled in the art . Therefore , the invention in 
extracting unit 510 determines whether the total determina - its broader aspects is not limited to the specific details and 
tion parameter sw is not less than a predetermined thresh - representative embodiments shown and described herein . 
old th10 . When the total determination parameter Stotal3 is Accordingly , various modifications may be made without 
not less than the threshold th10 ( step S524 : Yes ) , the 60 departing from the spirit or scope of the general inventive 
abnormal image group extracting unit 510 determines that concept as defined by the appended claims and their equiva 
the abnormal image to be processed and the abnormal image lents . 
extracted subsequent to the abnormal image include identi 
cal abnormal regions ( step S525 ) . In contrast , when the total What is claimed is : 
determination parameter Stot013 is less than the threshold th10 65 1 . An image processing apparatus comprising : 
( step S524 : No ) , the abnormal image group extracting unit a detecting unit configured to detect images of interest 
510 determines that the abnormal image I , to be processed including regions of interest that are estimated as an 

Stotal3 - W5 ' S global + W6 Slocal + W7 ' Spos 
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object to be detected , from a group of a series of images 9 . The image processing apparatus according to claim 7 , 
acquired by sequentially imaging a lumen of a living wherein 
body ; the region - of - interest classifying unit comprises an inter 

a global similarity calculating unit configured to calculate mittency determination unit configured to determine 
a global similarity that is a similarity between regions 5 whether the regions of interest occur intermittently in 
including at least regions other than the regions of the group of a series of images , and 
interest , between the images of interest different from if the regions of interest occur intermittently , the image 
one another ; of - interest group extracting unit is configured to set a 

an image - of - interest group extracting unit configured to weighting factor for the local similarity to be larger 
extract an image - of - interest group including identical 10 than a weighting factor for the global similarity . 
regions of interest , in accordance with comparison 10 . The image processing apparatus according to claim 9 , 
between a threshold and the global similarity or a wherein 
determination parameter based on the global similarity ; if a subject in the regions of interest is one of redness , 
and bleeding point , and ulcer , the intermittency determina 

a representative image extracting unit configured to 15 tion unit is configured to determine that the regions of 
extract a representative image from the image - of - inter interest occur intermittently . 
est group . 11 . The image processing apparatus according to claim 7 , 

2 . The image processing apparatus according to claim 1 , wherein 
wherein the region - of - interest classifying unit comprises a conti 

the global similarity calculating unit is configured to 20 nuity determination unit configured to determine 
extract background regions from the images of interest , whether the regions of interest occur continuously in 
and to calculate the similarity between the background the group of a series of images , and 
regions , between the images of interest different from if the regions of interest occur continuously , the image 
one another . of - interest group extracting unit is configured to set a 

3 . The image processing apparatus according to claim 2 , 25 weighting factor for the global similarity to be larger 
wherein than a weighting factor for the local similarity . 

the global similarity calculating unit is configured to 12 . The image processing apparatus according to claim 
extract , as the background regions , regions excluding 11 , wherein 
the regions of interest from the images of interest . if a subject in the regions of interest is one of floating 

4 . The image processing apparatus according to claim 2 , 30 blood and vascular abnormality , the continuity deter 
wherein mination unit is configured to determine that the 

the global similarity calculating unit is configured to regions of interest occur continuously . 
extract , as the background regions , regions showing a 13 . The image processing apparatus according to claim 1 , 
mucosa from the images of interest . further comprising a positional information acquiring unit 

5 . The image processing apparatus according to claim 1 , 35 configured to acquire time - series positional information 
further comprising a local similarity calculating unit con - corresponding to order of capturing the images of interest in 
figured to calculate a local similarity that is a similarity the group of a series of images , wherein 
between the regions of interest , between the images of the image - of - interest group extracting unit is configured 
interest different from one another , wherein to extract the image - of - interest group including the 

the image - of - interest group extracting unit is configured 40 identical regions of interest , based on the global simi 
to extract the image - of - interest group including the larity and the positional information . 
identical regions of interest , based on the global simi 14 . The image processing apparatus according to claim 
larity and the local similarity . 13 , further comprising a region - of - interest classifying unit 

6 . The image processing apparatus according to claim 5 , configured to classify the regions of interest , wherein 
wherein 45 the determination parameter is given by weighting and 

the local similarity calculating unit is configured to match adding the global similarity and a parameter represent 
the regions of interest with one another , and to calculate ing a degree of proximity between the images of 
the local similarity based on a result of matching the interest different from one another based on the posi 
regions of interest with one another . tional information , 

7 . The image processing apparatus according to claim 5 , 50 the image - of - interest group extracting unit is configured 
further comprising a region - of - interest classifying unit con to change weighting factors assigned to the global 
figured to classify the regions of interest according to types similarity and the parameter representing the degree of 
of a subject in the regions of interest , wherein proximity , according to a result of classification by the 

the determination parameter is given by weighting and region - of - interest classifying unit , thereby to extract 
adding the global similarity and the local similarity , and 55 the image - of - interest group . 

the image - of - interest group extracting unit is configured 15 . The image processing apparatus according to claim 
to change weighting factors assigned to the global 14 , wherein 
similarity and the local similarity , according to a result the parameter representing the degree of proximity has a 
of classification by the region - of - interest classifying larger value as the images of interest different from one 
unit , thereby to extract the image - of - interest group . 60 another are provided more closely to one another , and 

8 . The image processing apparatus according to claim 7 , the image - of - interest group extracting unit is configured 
wherein to extract images of interest having the determination 

the image - of - interest group extracting unit is configured parameter not less than the threshold , as the image - of 
to extract images of interest having the determination interest group including the identical regions of inter 
parameter not less than the threshold , as the image - of - 65 est . 
interest group including the identical regions of inter 16 . The image processing apparatus according to claim 
est . 14 , wherein 
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the region - of - interest classifying unit comprises an inter 21 . An image processing method for causing a calculation 
mittency determination unit configured to determine unit of a computer to perform image processing based on 
whether the regions of interest occur intermittently in image data of a group of a series of images which are 
the group of a series of images , and acquired by sequentially imaging a lumen of a living body 

if the regions of interest occur intermittently , the image - 5 and recorded in a recording unit , the method comprising : 
of - interest group extracting unit is configured to set a detecting images of interest including regions of interest , 
weighting factor for the global similarity to be larger from the group of a series of images ; than a weighting factor for the parameter representing calculating a global similarity that is a similarity between the degree of proximity . regions including at least regions other than the regions 17 . The image processing apparatus according to claim 10 of interest , between the images of interest different 16 , wherein from one another ; if a subject in the regions of interest is one of redness , extracting an image - of - interest group including identical bleeding point , and ulcer , the intermittency determina regions of interest , in accordance with comparison tion unit is configured to determine that the regions of 

between a threshold and the global similarity or a interest occur intermittently . 15 
18 . The image processing apparatus according to claim determination parameter based on the global similarity ; 

14 , wherein 
the region - of - interest classifying unit comprises a conti extracting a representative image from the image - of 

nuity determination unit configured to determine interest group . 
whether the regions of interest occur continuously in 20 22 . A non - transitory computer - readable recording 
the group of a series of images , and medium with an executable program stored thereon , the 

if the regions of interest occur continuously , the image program causing a computer to execute : 
of - interest group extracting unit is configured to set a detecting images of interest including regions of interest , 
weighting factor for the parameter representing the from a group of a series of images acquired by sequen 
degree of proximity to be larger than a weighting factor 25 tially imaging a lumen of a living body ; 
for the global similarity . calculating a global similarity that is a similarity between 

19 . The image processing apparatus according to claim regions including at least regions other than the regions 
18 , wherein of interest , between the images of interest different if a subject in the regions of interest is one of floating from one another ; blood and vascular abnormality , the continuity deter - 30 extracting an image - of - interest group including identical mination unit is configured to determine that the regions of interest , in accordance with comparison regions of interest occur continuously . between a threshold and the global similarity or a 20 . The image processing apparatus according to claim 1 , 
wherein determination parameter based on the global similarity ; 

and the image - of - interest group extracting unit is configured 35 
to extract images of interest having the global similarity extracting a representative image from the image - of 
not less than the threshold , as the image - of - interest interest group . 
group including the identical regions of interest . * * * * * 


